Introduction
In a seminal paper, Ritter (1991) documents a significant underperformance of IPO firms over the first three years after going public. Ritter (1995, 2000) find a strong underperformance of IPOs over a five-year period following the issue date. Brav and Gompers (1997) , Brav, Geczy, and, Gompers (2000) , and Gompers and Lerner (2003) show that IPO firms are strongly tilted towards small and high-growth companies which has been the worst-performing investment style over the last several decades. Consistently, these studies show that the apparent underperformance of IPO firms disappears when controlling for size and the book-to-market ratio, concluding that IPO firms do not perform worse than similar non-issuing companies.
In this paper, we show that while a Carhart (1997) four-factor model explains IPO underperformance over three-to five-year post-issue periods, IPO firms continue to underperform over the first two years after going public -even when differences in size, book-to-market, and momentum are accounted for. More generally, we show that IPO underperformance is highly dependent on the time horizon over which post-IPO performance is measured. In a sample of 7,487 U.S. firms going public from 1975 to 2014, we find underperformance to peak at a risk-adjusted -2.375% per quarter exactly one year after going public. Then underperformance gradually declines and becomes insignificant beyond two years after going public. Hence, while prior research analyzing three-and five-year time horizons apparently solved the IPO underperformance puzzle by using a Carhart (1997) four-factor model, we reopen the quest for a solution to this puzzle by showing that there is a statistically significant and economically meaningful underperformance of IPO firms over time horizons of up to two years even when the usual risk factors are accounted for.
To identify relevant firm (and market) characteristics that may proxy for pricing-relevant differences between IPO and mature firms, and thus help in explaining IPO underperformance, we rely on previous research. Loughran and Ritter (1995) document that firms going public during times of high issuing activity, so called "hot" IPO issue periods, have the lowest long-term returns. Lyandres, Sun, and Zhang (2008) test an investment-based explanation for IPO underperformance. Consistent with theoretical models by Cochrane (1991) and Carlson, Fisher, and Giammarino (2004) , that suggest a negative relation between investments and expected returns, they show that IPO firms invest more than mature firms and thus achieve lower returns in the long run. Brau, Couch, and Sutton (2012) attribute long-term IPO underperformance to an increased acquisition activity of IPO firms. They show that only IPO firms that acquire another company during the first year after going public underperform in the long run. Eckbo and Norli (2005) identify stock turnover as a driver of IPO underperformance. They argue that the higher liquidity of IPO stocks reduces systematic risk exposure and thus explains lower expected returns. Furthermore, they suggest a "turbo-charging" effect of leverage. Higher leverage increases factor loadings in a multi-factor model. Consequently, Eckbo and Norli (2005) argue that the lower leverage ratios of IPO firms decrease their systematic risk exposure resulting in lower expected equity returns. Mauer, Wang, Wang, and Zhang (2015) provide evidence that globally diversified IPO firms perform better than purely domestic IPO firms over three-and five-year periods after going public. Bessembinder and Zhang (2013) augment the BHAR method to account for volatility, illiquidity, and investments besides the four Carhart factors. Controlling for these characteristics, they find that the performance of IPO stocks does not significantly differ from the performance of non-IPO stocks over a five-year postissue period.
Our RPS-model estimations reveal that neither the issue period nor differences in investments, international business activity, or leverage and liquidity between IPO and mature firms can explain the significant one-year IPO underperformance in isolation, even when accounting for the Carhart risk factors. However, we find that when simultaneously controlling for the issue period and the full set of firm-level characteristics in our multivariate RPS-model, we are able to explain IPO underperformance with differences in firm characteristics between IPO and mature firms. We find several of our marketand firm-level characteristics to contribute towards explaining the relative underperformance of IPO versus mature firms in an expected way. For example, we generally find higher capital expenditures and higher acquisition rates to be associated with significantly lower returns which is consistent with prior research (Lyandres, Sun, and Zhang, 2008; Brau, Couch, and Sutton, 2012) . Consistent with Amihud (2002) and many others, we find evidence of a significant illiquidity premium. Finally, we find cold issue IPO firms to outperform mature firms, confirming previous findings by Helwege and Liang (2004) and Loughran and Ritter (1995) .
Our results withstand a battery of robustness tests. First, they are insensitive to variations in our firm characteristics such as for example replacing the Amihud (2002) illiquidity measure for the probability of information-based trading (PIN) (Easley, Kiefer, O'Hara, and Paperman, 1996; Venter and de Jongh, 2006; Brown and Hillegeist, 2007) or to replacing our four separate investment variables by an investment factor constructed parallel to Lyandres, Sun, and Zhang (2008) . Second, we find similar results when either replacing the four Carhart (1997) factors by the three Fama-French (1993) factors or when augmenting the Carhart factors with the profitability and investment factors introduced by Fama and French (2015) . Third, to challenge the ability of our RPS-model to explain IPO underperformance we identify sub-samples based on firm size, time periods, venture capital involvement, and IPO underpricing that show the most severe underperformance during the first year after going public.
Results show that our full RPS-model is able to explain the one-year underperformance of IPO firms across all these sub-samples.
The remainder of the paper is organized as follows. Section 2 presents the sample selection and data. Section 3 analyzes the time horizon over which IPOs underperform. Section 4 presents the main empirical results on multidimensional explanations of the one-year IPO underperformance documented in the previous section. Section 5 concludes.
Sample and Data
Our sample of IPO firms is based on an updated version of the Field-Ritter dataset of company founding dates as used in Field and Karpoff (2002) and Loughran and Ritter (2004 
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Over which time horizon do IPOs underperform?
The RPS-regression model
We assess the long-term performance of IPO firms using the "regression-based portfolio sorts"
(or RPS) approach of Hoechle, Schmid, and Zimmermann (2016) . The RPS-model involves estimating on the firm level a pooled OLS regression with Driscoll and Kraay (1998) Bessembinder and Zhang, 2013; Gompers and Lerner, 2003; Loughran and Ritter, 1995) which is not robust to cross-sectional dependence (Fama, 1998) . Moreover, the RPS-model resolves Loughran and Ritter's (2000) critique that by equally weighing each time period instead of each observation the portfolio sorts approach has lower power to detect abnormal returns. By employing an OLS regression, the RPS-model overcomes this problem.
The dependent variable, , in all our RPS-models is the firms' quarterly excess return over the next quarter. By lagging all explanatory variables by one quarter, we mitigate endogeneity concerns.
Our basic regression specification consists of pooled OLS regressions with the following structure:
7 Hence, the RPS-approach resolves a major problem not yet addressed in prior research on long-term performance evaluation (see Kothari and Warner, 2008) or panel data estimation procedures such as those surveyed in Petersen (2009) . In particular, note that the Fama and MacBeth (1973) approach, which is mainly covered and strongly advocated by Petersen (2009) , is limited to the analysis of (excess) returns and does not allow for a decomposition of the risk-adjusted performance (see Hoechle, Schmid, and Zimmermann (2016) for a discussion).
Vector contains a constant and a dummy variable, , that equals one if the company is classified as IPO firm and zero otherwise. We classify firms as IPO firm during the first years after going public. Hence, vector is defined as follows throughout our entire analysis:
Vector includes a set of market risk factors to determine the risk-adjusted performance of IPO firms. We rely on the Carhart (1997) four factor model. Hence, vector is defined as:
where is constructed as the value-weighted return of all CRSP firms in excess of the risk-free rate (the market factor), is the return on a zero-investment size portfolio, and and denote the returns on a zero-investment book-to-market and momentum portfolio, respectively.
Firm characteristics are included in vector . We change and extend the composition of this vector throughout our analysis to include various company-level and market-wide variables put forward in previous research as potential explanations for the apparent underperformance of IPO firms. Vector includes a constant and a varying set of M firm characteristics , (m = 1,…, M):
The variables in vectors and are allowed to vary across both the time dimension and the cross-section. In contrast, the risk factors in vector vary over time, but not across firms.
Empirical analysis
In this paper, we analyze IPO performance over varying time horizons ranging from one to 40 quarters. For space reasons, we restrict the tabulated results to one, two, three, four and five years after going public. To the best of our knowledge, there is no prior study investigating explicitly the time horizon over which IPO firms underperform. We analyze IPO long-term performance using the following RPS-regression specification: and the factor risk exposures (̂6 ,…,9, ) of IPO firms differ from those of mature companies. When estimating regression (5), we are primarily interested in the coefficient estimate for the IPO dummy (̂5 , ).
If it is negative and significantly different from zero, this indicates that the risk-adjusted performance of IPO firms is worse than that of more mature companies.
The results in Table 1 show that while the coefficient estimate for is negative for all five IPO definitions, it is significant only if IPO firms are defined as firms going public within the last year or the last two years, respectively. In contrast, by referring to IPO firms as companies whose initial public offering occurred within the last three, four, or five years, the coefficient estimate for the IPO dummy becomes insignificant. Moreover, the results in Table 1 show that the "Beta" of IPO firms is significantly higher than that of more mature companies and that IPO firms have a significantly smaller exposure to the HMLt factor than older companies. These results hold for all IPO definitions considered in the table.
The latter finding confirms the growth-stock nature of IPOs which has been shown to explain part of the IPO underperformance (e.g., Brav and Gompers, 1997; Brav, Geczy, and Gompers, 2000; Gompers and Lerner, 2003) . However, over shorter time horizons of one and two years we continue to find an economically large and statistically significant underperformance of IPO firms.
To provide a more complete picture of the relation between time horizon and IPO performance, Figure 1 displays the evolution of the coefficient estimate for the IPO dummy when regression (5) is estimated with IPO firm definitions ranging from "firms going public within the last quarter" to "firms going public within the last 10 years". Most importantly, the figure reveals that IPO underperformance peaks one year after going public and then gradually decreases over the subsequent years corroborating the results from Table 1. In the first four quarters after going public, risk-adjusted quarterly returns of IPO firms are 2.375% smaller than those of mature firms. This translates into an annual underperformance of more than 10 percent.
Sub-sample tests
Several prior studies reveal differences in IPO long-term underperformance with regard to firm size, time period analyzed, venture capital involvement, and the degree of IPO underpricing. In this subsection, we attempt to identify sub-samples with the most severe underperformance in order to challenge the ability of our RPS-model to explain IPO underperformance in subsequent tests. Ritter (1991) , Loughran and Ritter (1995) , and Gao, Ritter, and Zhu (2013) all find small-firm IPOs to exhibit worse long-term performance than large-firm IPOs. Gao, Ritter, and Zhu (2013) show that in the period 1980-2009 small-firm IPOs underperform by an average of 17.3% over three years after going public, while large-firm IPOs even outperform style-matched mature firms over the same period. Hence, we split our sample into small and large IPO (and mature) firms according to whether they are above or equal to or below the median market capitalization. As IPO firms are, on average, substantially smaller than mature firms, we calculate median values separately for IPO firms and for mature companies. Model (1) in Table 2 shows results from estimating regression specification (5) separately for small (Panel A) and large firms (Panel B). We focus on the first year after going public which shows the highest underperformance for the full sample of IPOs (see Table 1 ), but also for the subsets of small and large IPOs as shown in and confirms the general pattern reported in Gao, Ritter, and Zhu (2013) . Based on this development, the question arises as to whether the long-term performance of IPOs has changed as well. Hence, we split our sample period into two sub-samples, 1975-2000 and 2001-2014 . The results are reported in Model (2) in Table 2 . In the first year after going public, we find a similar underperformance across the two time periods which is statistically significant at the 5% level in both cases. However, when analyzing all five alternative time horizons from one to five years after the IPO, reported in Table A Table 1 and Model
(1) of Table 2 , IPO underperformance peaks one year after going public in both time periods. Brav and Gompers (1997) show that venture-backed IPO firms perform significantly better than nonventure-backed IPOs. Using a Fama-French (1993) three-factor model, they find that long-term underperformance disappears for venture-backed IPO companies, while it persists for nonventure-backed firms. To test for differences in IPO underperformance related to venture capital involvement, we split our IPO sample based on whether an IPO firm is backed by a venture capitalist or not. Model (3) in Table 2 shows results from estimating regression specification (5) Consistent with Brav and Gompers (1997) , we find a significant underperformance associated with nonventure-backed IPOs over the first year after going public, but no significant difference in the performance of venture-backed IPO firms and mature companies. This finding is further strengthened by results presented in Table A .3 in the appendix: Nonventure-backed IPO firms significantly underperform mature companies over the entire period of up to five years after going public, while we find no significant difference between the performance of venture-backed IPOs and mature firms for all five alternative post-IPO periods.
Finally, there is a large body of literature documenting an underpricing of IPOs, i.e., a positive return from the offer price to the closing price of the first trading day (e.g., Ritter, 1984 Ritter, , 1987 Rock, 1986; Beatty and Ritter, 1986; Carter and Manaster, 1990; Loughran and Ritter, 2004) . To investigate whether IPO long-term performance is related to underpricing, we split our IPO sample based on the median first-day return. IPO firms with a first-day return above or equal to the median of 6.19% are classified as highly underpriced and firms below the median as IPOs with low underpricing. Model (4) in Table 2 shows results from estimating regression specification (5) separately for IPO firms with high underpricing (Panel A) and low underpricing (Panel B) in comparison to the whole sample of mature firms over the first year after going public. Results indicate no relevant differences between the two sub-samples. IPO firms with high and low underpricing significantly underperform mature firms over the first year after going public. When inspecting the pattern over the first five years after going public in Table A .4 in the appendix, we find IPO underperformance to persist for up to five years post-issue for low underpricing firms, but to be restricted to the first year post-issue for high underpricing firms. Still, consistent with results in Tables A.1 to A.3, we find the largest underperformance in the first year after going public. Hence, for all of these sub-samples, in particular small IPO firms and nonventure-backed IPOs, the first year after going public will serve as a strong robustness test for the capability of our RPSmodel to explain IPO underperformance.
Explaining IPO underperformance

Variable construction
Based on previous research, we consider the following firm characteristics as potential determinants of IPO underperformance. Loughran and Ritter (1995) and Helwege and Liang (2004) document that firms going public during periods of high issuing activity perform worse than firms going public in a cold market environment. Hence, we define two dummy variables, HOT and COLD, which are set to one for firms going public during a hot or cold issue period, respectively. For this purpose, the IPO sample is divided into three sub-samples based on whether the company went public during a hot, neutral or cold market environment. Quarters are ranked based on the number of IPOs taking place. The top quartile of quarters with the highest number of IPOs is then classified as hot, the lower half of quarters as cold and the remaining quarters as neutral issue periods. In the analyzed sample, IPOs are classified as HOT if they went public during a quarter with at least 73 other IPOs and as COLD if they went public during a quarter with at most 33 other offerings. The remaining quarters are classified as neutral. Moreover, we define Recession as a dummy variable which is set to one if a firm went public during a recession period such as defined by the National Bureau of Economic Research. Brau, Couch, and Sutton (2012) and Lyandres, Sun, and Zhang (2008) performance. Consequently, we calculate Leverage as total assets net of common equity divided by total assets and define two alternative measures of liquidity. Illiquidity is calculated for each stock and for each quarter as the mean-adjusted average ratio of absolute stock return to dollar trading volume (Amihud, 2002) . We use the mean-adjusted ratio to control for time trends in the liquidity measure. PIN, the probability of informed trade (Easley, Kiefer, O'Hara, and Paperman, 1996) measures the risk of information-based trading. Following the methodology of Mauer, Wang, Wang, and Zhang (2015) , who show that globally diversified IPO firms exhibit better long-term performance than purely domestic IPOs, we define IBA (international business activity) as a dummy variable which is equal to one if a firm reports either foreign sales or exports. To mitigate the effect of outliers, all ratios are winsorized at the 1 st and 99 th percentiles. , and 75 th percentiles) on all these variables for the set of 7,487 IPO and 5,419 mature firms, respectively. As results presented in Section 3.2 above show that IPO underperformance steadily increases over the first year after going public, descriptive statistics on IPO firms are based on the first year after going public.
Descriptive statistics
An analysis of the differences between IPO and mature firms may provide some preliminary evidence as to which factors might be relevant for explaining IPO underperformance in the subsequent Section 4.3. In line with prior research, we find IPO firms to be smaller on average and to have higher market-to-book ratios than mature firms. Size is measured as market capitalization in millions of 2014 U.S. dollars. The median market-to-book ratio of IPO firms amounts to 2.37 as compared to 1.25 for mature firms. This is in line with findings by Brav and Gompers (1997) , Brav, Geczy, and Gompers (2000) , and Gompers and Lerner (2003) showing that accounting for size and value/growth factors in a Fama-French three-factor model fully explains IPO underperformance of three-to five-year time periods.
IPO firms exhibit both higher capital and R&D expenditures, and undertake more or larger acquisitions. Thus, differences in acquisition-and investment-behavior may also contribute towards explaining IPO underperformance, as suggested by Brau, Couch, and Sutton (2012) and Lyandres, Sun, and Zhang (2008) . We also find IPO firms to exhibit lower international business activity (IBA) than mature firms. As the likelihood of international expansions grows over the lifecycle of a company, this result is not surprising. Mauer, Wang, Wang, and Zhang (2015) show that globally diversified IPO firms exhibit better long-term performance than purely domestic IPOs. Hence, differences in international business activity may further contribute towards explaining long-term IPO underperformance. Results in Table 3 also suggest that IPO firms operate with lower leverage ratios. This is not surprising as a new issuance of equity reduces leverage (e.g., Alti, 2006) . Moreover, IPO firms are usually more restricted in borrowing due to fewer assets and lower current earnings (Eckbo and Norli, 2005) . Eckbo and Norli (2005) argue that lower leverage ratios are associated with lower risk and therefore lower expected returns of IPO stocks. Consistent with Table 3 , the graphs reveal substantial differences in all characteristics over the first year after going public. Most important, all graphs show that differences between IPO and mature firms decline over time. Five years after going public, IPO firms are comparable to mature firms with regard to capital expenditures, acquisitions, international business activity, leverage and stock (il)liquidity as measured by illiquidity and PIN. Only R&D expenses still differ substantially between IPO and mature firms. Hence, if the aggregate of these characteristics is able to explain a significant part of long-term IPO underperformance, we would expect this underperformance to wash out three-to five-years after going public as IPO firms become more similar to mature firms. This is exactly what we find in Table   1 .
Multivariate analysis using the RPS-model
In this sub-section, we attempt to explain IPO underperformance by adding various firm characteristics to our RPS-model. Specifically, we extend vector to include various firm characteristics related to the IPO issue period, investment, internationality, and leverage and liquidity. Referring to results in Section 3, we set = 1 and define vector = [1 1 ] throughout the whole section. The composition of vector stays as shown in equation (3). Results for the above specified regressions are reported in Table 4 . Similar to Tables 1 and 2 , each model estimation is subdivided into two columns:
Column "Mature" presents coefficient estimates and t-statistics (in parentheses) for firm characteristics of companies that have been listed for a minimum of five years. Column "Δ (IPO-Mature)" reports coefficient estimates and t-statistics of interaction terms between the IPO dummy, 1 , and firm characteristics. For brevity, coefficient estimates for the four risk factors (RMRF, SMB, HML, and MOM) and their interaction terms are not reported. Our primary focus is on the coefficient estimate for the IPO dummy. If a firm characteristic, or a set of characteristics, is able to explain IPO underperformance, the coefficient estimate for the IPO dummy, which is reported in the first row of Column "Δ (IPO-Mature)", will turn insignificant.
The first characteristic examined relates to the market environment during which a firm goes public. Loughran and Ritter (1995) and Helwege and Liang (2004) document differences in the performance of firms going public during hot issue periods as compared to firms going public in cold issue periods. They show that companies going public during periods of high issuing activity perform worse.
Hence, we include the dummy variables HOT and COLD which are set to one for firms going public during a hot or cold issue period, respectively, in our vector . We also account for general economic condition by adding the dummy variable Recession which is set to one if a firm went public during a recession. In our first specification, vector is then defined as:
Model (1) in Table 4 reports the results. The coefficient estimate for 1 remains negative and significant at the 5% level. Hence, the issue period and the economic environment at the time of the IPO cannot explain IPO underperformance. Besides, neither the coefficient estimate of the interaction term between the IPO dummy and HOT nor the coefficient of the interaction term between the IPO dummy and COLD is significantly different from zero. The coefficient estimate of the interaction between 1 and Recession is negative, highly statistically significant, and of larger absolute magnitude than the coefficient estimate of Recession. Although this implies a lower performance of IPO firms that went public during a recession, this performance difference is unable to explain the underperformance of IPO firms in comparison to mature firms.
Theoretical models suggest a negative relation between investments and expected returns (e.g., Cochrane, 1991; Carlson, Fisher, and Giammarino, 2004) . A related explanation for IPO underperformance in the long run stems from Lyandres, Sun, and Zhang (2008) . They argue that IPO firms invest more and consequently achieve lower long-term returns. In addition, Brau, Couch, and Sutton (2012) explain IPO long-term underperformance with an increased acquisition activity of IPO firms. Empirically, acquiring firms are associated with lower long-term returns (e.g., Loughran and Vijh, 1997; Rau and Vermaelen, 1998) . Brau, Couch, and Sutton (2012) show that only IPO firms that acquire during the first year after going public underperform. Moreover, Arikan and Stulz (2016) show that acquisition rates are higher during the first years after going public when compared to mature firms. This finding is confirmed in Table 3 which shows that IPO firms, besides having higher capital and R&D expenditures, undertake more or larger acquisitions than mature firms. It is thus possible that such differences in investment-behavior between IPO and mature firms are responsible for the documented underperformance of IPO firms. Hence, in our next RPS-model specification, we define vector as: higher acquisition rates to be associated with significantly lower returns. In unreported results, we find that including an investment factor constructed parallel to Lyandres, Sun, and Zhang (2008) , instead of our four separate investment variables, into the regression specification leads to similar results.
Next, we examine differences in internationality as a possible explanation for the one-year underperformance of IPO firms. Mauer, Wang, Wang, and Zhang (2015) show that globally diversified IPO firms perform significantly better over three-and five-year periods after going public than purely domestic IPOs. Our descriptive statistics in Table 3 confirm that IPO firms are, on average, less globally diversified than mature firms. Hence, differences in international business activity may explain (part of) the underperformance of IPO firms in the long run. We define vector as:
where is a dummy variable whether a firm reports either foreign sales or exports, following the methodology in Mauer, Wang, Wang, and Zhang (2015) . As IBA is constructed on the basis of yearly data, the dummy variable is equal to one for IPOs if they report international business activity during 9 If R&D expenditures are not reported, the dummy is set to one and is set to zero (e.g., Gompers, Ishii, and Metrick, 2010). their first year after going public. The results are reported in Model (3) in Table 4 and show that controlling for differences in internationality between IPO and mature firms cannot explain the one-year underperformance of IPOs. The coefficient estimate for the IPO dummy remains negative and significant at the 1% level. Moreover, the coefficient estimate of the interaction term between IBA and the IPO dummy is positive and significant at the 5% level. Hence, globally diversified IPO firms perform significantly better than domestic IPO firms. This finding supports prior analyses by Mauer, Wang, Wang, and Zhang (2015) . Eckbo and Norli (2005) suggest a liquidity-and leverage-based explanation for IPO underperformance. They argue that the relatively low leverage ratio of IPO firms might be important in explaining IPO underperformance as leverage has a "turbo charging" effect on the factor loadings in a multifactor model. Consequently, they expect IPO stocks to respond stronger to leverage-related risk factors such as the stock market return, credit spread, term spread, or unexpected inflation. They also find that a higher liquidity of IPO stocks reduces systematic risk exposure and thus explains lower expected returns.
To investigate their conjecture empirically, they estimate a number of multifactor models including Carhart's (1997) four-factor model augmented with a liquidity-based risk factor and a seven-factor macro model where the size, book-to-market, and momentum factors are replaced with the liquidity-based factor and a set of five macroeconomic risk factors. Their results reveal that IPO firms exhibit significant factor loadings on these liquidity-and leverage-related factors. Most importantly, the alphas of their models are insignificant which indicates that IPO underperformance over a five-year period can be explained by their factor models. To investigate this liquidity-and leverage-based explanation of IPO underperformance, we specify vector as:
where , −1 is the book leverage ratio of firm i at the end of quarter t-1. Leverage is defined as total assets net of common equity divided by total assets. is calculated for each stock and for each quarter as the mean-adjusted average ratio of absolute stock return to dollar trading volume (Amihud, 2002) . We use the mean-adjusted ratio to control for time trends in the liquidity measure, but find similar results without mean-adjustment. Following Amihud (2002) , we also include SDRet, defined as the standard deviation of daily stock returns in the respective quarter, and RQtr, defined as the stock's return over the last quarter, as additional control variables. Results are reported in Model (4) in Table 4 .
Most important, the IPO dummy variable switches sign and is now positive and marginally significant.
Hence, we find that differences in stock liquidity between IPO and mature firms and the lower leverage of IPO firms have a substantial impact on the one-year performance of IPOs versus mature firms. Amihud (2002) shows that expected stock excess returns include an illiquidity premium. Accordingly, higher illiquidity is associated with higher average stock returns. Results reported in Model (4) in Table 4 confirm this association. For both mature and IPO firms illiquidity has a positive and highly significant impact on excess returns over the next quarter.
Next, to take full advantage of our multivariate RPS-model we jointly include all control variables used in the four specifications of Table 4 . Specifically, the full RPS-specification controls for IPO issue periods as well as differences in firm characteristics between IPO and mature firms related to investments, internationality, liquidity and leverage, past returns (RQtr), and stock volatility (SDRet).
Consequently, vector is specified as displayed in equation (10).
The results from this specification are reported in Model (1) of Table 5 . Most important, these results show that the coefficient estimate of the IPO dummy turns insignificant and our full RPS-model can thus explain the one-year underperformance of IPO firms. Moreover, the economic magnitude of the coefficient estimate of the IPO dummy decreases. In Model (1) of Table 5 , the coefficient estimate for the IPO dummy indicates a risk-adjusted quarterly underperformance of 0.741% compared to 2.375% without any controls (see Table 1 ). The results in Table 5 also suggest that in our full RPSmodel cold issue IPO firms outperform mature firms. The coefficient estimate of the interaction term between COLD and the IPO dummy is positive and significant. This confirms findings by Helwege and Liang (2004) and Loughran and Ritter (1995) . Moreover, the negative and highly significant coefficient estimate of the interaction term between the IPO dummy and SDRet indicates that a higher volatility of IPO stock returns negatively impacts performance and thus contributes to long-term IPO underperformance. Finally, consistent with prior research, we find evidence of an illiquidity premium.
In Model (2) of Finally, in unreported results we re-estimate the two models in Table 5 including industry fixedeffects based on a Fama-French 12 industry classification and find the results to remain qualitatively unchanged. In other unreported tests, we replace the Carhart (1997) four-factor model by two alternative factors models. The first alternative model is the Fama-French (1993) three-factor model. When replicating Table 1 based on this alternative factor model, we find underperformance to peak two years after going public, at -1.82% per quarter, with the second largest underperformance one year after going public (at a quarterly -1.54%). Beyond year two underperformance drops monotonically. Most important, our full RPS-model, as outlined in equation (10), is able to explain IPO underperformance both in the first year and the first two years after going public. The second alternative model is a six-factor model in which we augment the Carhart (1997) four-factor model by the profitability and investment factors introduced by Fama and French (2015) . When replicating Table 1 based on this model, we find underperformance to be statistically significant only in the first year after going public (at -1.51% per quarter). Again our full RPS-model from equation (10) is able to explain this IPO underperformance.
Robustness tests
This section presents additional robustness tests on the power of our full RPS-model in explaining IPO underperformance based on various sub-samples. Specifically, we examine whether our full RPSmodel can explain the one-year IPO underperformance in all sub-samples based on firm size, time periods, venture capital involvement, and IPO underpricing. Table 2 shows that there are substantial differences in one-year IPO underperformance from a Carhart (1997) four-factor model with respect to some of these characteristics. A detailed description of the construction and economic reasoning behind all sub-samples can be found in Section 3.3 above. Table 6 reports results from estimating the RPS-regression separately for all eight sub-samples, based on the full model with Illiquidity included in vector as displayed in equation (10). Model (1) reports results for sub-samples based on firm size, Model (2) based on the time period, Model (3) based on whether there is venture capital involvement, and Model (4) based on the median first-day return (i.e., underpricing). Again, we define IPO firms as firms that have been listed for a maximum of one year, since this represents the time period over which IPO firms underperform most, as discussed in Section 3 above.
Importantly, our full RPS-model is able to explain the one-year underperformance of IPO firms in all eight sub-samples. 11 This finding strongly supports the power of our RPS based full model specification in explaining IPO underperformance. In each sub-sample the coefficient estimate for the IPO dummy is statistically insignificant when accounting for IPO issue periods as well as differences in firm characteristics between IPO and mature firms related to investments, internationality, liquidity, and leverage as well as past returns and stock volatility. Thus, when jointly accounting for a set of continuous and multivariate firm characteristics, there is no evidence of a significant performance difference between IPO and mature firms across all sub-samples. The full RPS-model consistently explains the longterm underperformance of IPOs.
Conclusion
Prior research on IPO long-term performance focuses on three-to five-year post-issue time horizons. Ritter (1991) and Ritter (1995, 2000) find a strong underperformance of IPOs over three-to five-year periods following the issue date. Brav and Gompers (1997) , Brav, Geczy, and, Gompers (2000) , and Gompers and Lerner (2003) show that IPO firms are strongly tilted towards small and high-growth companies and that the apparent underperformance of IPOs documented in the 1990s disappears when the different risk exposures between IPO and mature firms are accounted for by using multi-factor models such as Carhart (1997) .
In the first part of this paper, we show that a sample of 7,487 U.S. IPOs between 1975 and 2014 continue to significantly underperform mature firms in terms of Carhart-alphas over two years, with underperformance peaking one year after going public. Hence, while a Carhart four-factor model and other multi-factor models are able to explain IPO underperformance over three-to five-year post-issue periods by accounting for differences in factor exposure, in particular in terms of size and the book-tomarket, these models fail to explain the relative underperformance of IPO firms over shorter time periods of up to two years.
In the second part of the paper, we apply the regression-based portfolio sorts approach (RPS) of Hoechle, Schmid, and Zimmermann (2016) , which allows to decompose the Carhart-alpha into firmspecific characteristics, to explain one-year IPO underperformance using a multitude of market and firm characteristics in a statistically robust setting. We find that when simultaneously controlling for the issue period and a set of firm-level characteristics related to investments, internationality, liquidity, and leverage in our multivariate RPS-model, we are able to explain IPO underperformance with differences in firm characteristics between IPO and mature firms. We challenge our RPS-model by applying it to the most severely underperforming IPO sub-samples in terms of firm size, time period, venture capital involvement, and IPO underpricing, and find it to explain IPO underperformance across all sub-samples. (4) based on the median IPO underpricing as measured by the first-day return. The dependent variable yit is defined as the firms' quarterly excess return in % over the next quarter. For simplicity reasons only coefficient estimates for the regression constants and the respective interactions are displayed. However, the regression specification is based on the Carhart (1997) four factor model. The following risk factors are included but not displayed. RMRF is defined as the quarterly value-weighted return of all CRSP firms in excess of the risk-free rate and SMB is the return of a zero-investment size portfolio. HML and MOM are the returns of a zero-investment book-to-market and momentum portfolio, respectively. Coefficient estimates and t-values (in parentheses) for the regression constant are summarized in the columns labeled Mature. Mature firms have been listed for a minimum of five years. Additionally, the table displays coefficient estimates and t-statistics for the interaction between the regression constant and an IPO dummy. The IPO dummy equals one during the first year after the initial issue date. Results for the interaction terms are presented in the columns labeled Δ (IPO-Mature). Significance at the 1%, 5% and 10% levels are indicated by ***, ** and *, respectively. This table presents coefficient estimates and t-statistics (in parentheses) from running a pooled OLS regression with Driscoll-Kraay standard errors based on equation (1). DriscollKraay standard errors are heteroskedasticity consistent and robust to cross-sectional dependence and autocorrelation up to four lags. The dependent variable yit is defined as the firms' quarterly excess return in % over the next quarter. Explanatory variables are based on a Kronecker product of the risk factors RMRF, SMB, HML and MOM and a set of firm characteristics. For simplicity, coefficient estimates for the risk factors and respective interactions are not reported. Firm characteristics are defined as follows. Hot and Cold Market are dummy variables which are set to one for quarters with more than 72.5 IPOs and less than 33 IPOs, respectively. Recession is a dummy variable that is equal to one if a quarter is classified as a recession according to the National Bureau of Economic Research. Capex/Sales and R&D/Sales represent quarterly capital and R&D expenditures scaled by sales. Missing R&D is a dummy variable which is set to one for firms which do not report R&D expenditures and to zero otherwise. Acquisitions/Sales shows the value of quarterly acquisitions scaled by sales. IBA represents a dummy variable that is equal to one if a firm has international business activity. Leverage represents the book leverage which is calculated as total assets net of common equity divided by total assets. Illiquidity is defined as the mean-adjusted average ratio of absolute stock return to dollar trading volume. SDRet and RQtr account for volatility and past returns, respectively. SDRet is calculated as the standard deviation of daily stock returns during the respective quarter and RQtr is the stock return during the last quarter. Coefficient estimates and t-values for these explanatory variables are summarized in the columns labeled "Mature". Mature firms have been listed for a minimum of five years. Additionally, the table displays coefficient estimates and t-statistics of a full set of interaction terms between the explanatory variables and an IPO dummy. The IPO dummy equals one during the first year after the respective initial issue date. Results for the interaction terms are presented in the columns labeled "Δ (IPOMature)". Model (1) accounts for IPO issue periods, Model (2) for investments, Model (3) for internationality and Model (4) for leverage and liquidity. In each regression specification the respective firm characteristics are included in vector zit. The sample comprises an unbalanced panel of 7,487 IPO firms and 5,419 mature firms between 1975 and 2014. Significance at the 1%, 5% and 10% levels are indicated by ***, ** and *, respectively. (4) based on the median IPO underpricing as measured by the first-day return. The dependent variable yit is defined as the firms' quarterly excess return in % over the next quarter. For simplicity reasons only coefficient estimates for the regression constants and the respective interactions are displayed. However, the regression specification is based on the Carhart (1997) four factor model including the risk factors RMRF, SMB, HML and MOM as defined in Table 2 and a full set of control variables. Control variables account for issue periods, investments, leverage, internationality, illiquidity as well as past returns and volatility such as defined in Tables 4 and 5 . Coefficient estimates and t-values (in parentheses) for the regression constant are summarized in the columns labeled Mature. Mature firms have been listed for a minimum of five years. Additionally, the table displays coefficient estimates and t-statistics for the interaction between the regression constant and an IPO dummy. The IPO dummy equals one during the first year after the initial issue date. Results for the interaction terms are presented in the columns labeled Δ (IPO-Mature). Significance at the 1%, 5% and 10% levels are indicated by ***, ** and *, respectively. 
Figure 2: Evolution of characteristics over time
The charts in this figure plot the time series of the median capital and R&D expenditures per sales, book leverage, illiquidity as measured by illiqma and PIN as well as the average value of acquisitions per sales and average international business activity for 7,487 IPO firms over five years following their initial issue date. The graphs contrast these time series with the median (average for acquisitions and IBA) values of all 5,419 mature companies from 1975 to 2014. Mature firms have been listed for a minimum of five years. Leverage is calculated as total assets net of common equity divided by total assets. IBA represents a dummy variable that is equal to one if a firm has international business activity. Illiqma is measured as the mean-adjusted average ratio of absolute stock return to dollar trading volume. PIN is the probability of information-based trading. (2) and so on). Results for the interaction terms are presented in the columns labeled Δ (IPO-Mature). Significance at the 1%, 5% and 10% levels are indicated by ***, ** and *, respectively.
Time post IPO up to 1 year up to 2 years up to 3 years up to 4 years up to 5 years (5). DriscollKraay standard errors are heteroskedasticity consistent and robust to cross-sectional dependence and autocorrelation up to four lags. Panel A reports coefficient estimates for IPO firms with high underpricing based on the median first-day return. Panel B reports results from estimating the regression specification for IPO firms with low underpricing. IPO firms above the median are classified as highly underpriced and IPO firms below as weakly underpriced. Both panels report coefficient estimates for the full set of mature firms. The dependent variable yit is defined as the firms' quarterly excess return in % over the next quarter. For simplicity reasons only coefficient estimates for the regression constants and the respective interactions are displayed. However, the regression specification is based on the Carhart (1997) four factor model. The following risk factors are included but not displayed. RMRF is defined as the quarterly value-weighted return of all CRSP firms in excess of the risk-free rate and SMB is the return of a zero-investment size portfolio. HML and MOM are the returns of a zero-investment book-to-market and momentum portfolio, respectively. Coefficient estimates and t-values (in parentheses) for the regression constant are summarized in the columns labeled Mature. Mature firms have been listed for a minimum of five years. Additionally, the table displays coefficient estimates and t-statistics for the interaction between the regression constant and an IPO dummy. The IPO dummy equals one during the respective time period after the initial issue date (e.g. up to one year post issue date in model (1), up to two years post issue date in model (2) and so on). Results for the interaction terms are presented in the columns labeled Δ (IPO-Mature). Significance at the 1%, 5% and 10% levels are indicated by ***, ** and *, respectively. Model (1) 
